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The natural age and stand structure of Scots pine (Pinus sylvestris L.), Norway spruce (Picea abies (L.) Karst.), and birch 
(Betula pubescens Ehrh.) was studied in a virgin forest stand in northern Sweden. The stand has been unaffected by fire during 
the past 500 years. It is suggested that the variations in age structure and invasion pattern are the result of low-frequency 
climatic fluctuations influencing seed production, germination, and early survival of seedlings. The periods of climatic 
amelioration that occurred during the 1870s and during this century have been especially favourable to pine, resulting in a pine- 
dominated regeneration underneath a tree layer where spruce and birch are the most abundant species. This is contrary to 
generally accepted theories concerning postfire successional trends in this part of the boreal zone. It is concluded that small 
gap-phase replacement of trees by climatically induced regeneration and mortality events probably is the reason for the general 
weak correlation between age and size of trees. It is also concluded that this postfire succession will not lead to a total spruce 
dominance during a continuous succession under prevailing climate regimes. 


SrEULEN, I., et ZACKRISSON, O. 1987. Long-term regeneration dynamics and successional trends in a northern Swedish 
coniferous forest stand. Can. J. Bot. 65 : 839—848. 

L'áge naturel et la structure de groupe du pin écossais (Pinus sylvestris L.), de l'épinette de Norvége (Pices abies (L.) 
Karst.) et du bouleau (Betula pubescens Ehrh.) ont été étudiés dans un bouquet de forét vierge au nord de la Suéde. Le bouquet 
n'a pas subi de dommage par le feu durant les 500 dernières années. La thèse défendue est que les variations dans la structure 
d’Age et le modèle d'invasion sont les résultats de fluctuations climatiques de basse fréquence qui influent sur la production de 
graines, la germination et la survie initiale des semis. Les périodes d'amélioration climatique, survenues au cours des années 
1870 et du siècle présent, ont été particulièrement favorables au pin, résultant en une régénération à prédominance de pin sous 
une strate arborescente ot l'épinette et le bouleau sont les espéces les plus abondantes. Cela va à l'encontre des théories géné- 
ralement acceptées concernant les tendances successionnelles post-incendies dans cette partie de la zone boréale. Les auteurs 
concluent qu'une courte phase de remplacement des arbres par des événements de régénération et de mortalité climatiquement 
induits est probablement ce qui explique la corrélation généralement faible entre l'áge et la taille des arbres. De plus la succes- 
sion post-incendie n'occasionnerait pas de dominance totale de l'épinette durant une succession continue sous les régimes 
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climatiques en cours. 


Introduction 

A few investigations have been made concerning the struc- 
ture of relatively virgin forest stands in the coniferous forests 
of northern Europe (Arnborg 1943; Huse 1965; Sirén 1955). 
However, apart from studies dealing with tree-line vegetation 
(Gorchakovsky and Shiyatov 1978; Holtmeier 1971; Hustich 
1958; Kullman 1983; Mikola 1978; Sirén 1961; Sonesson and 
Hoogesteger 1983) few if any have dealt with population 
dynamics in relation to long-term climatic fluctuations in more 
typical boreal forest stands. The present study addresses this 
topic in a mixed, uneven-aged, multilayered northern Swedish 
taiga forest. The site has been largely uninfluenced by man and 
forest fires for at least the last 5 centuries, an occurrence that is 
rare for the habitat type under consideration. Therefore, the 
area is of high value for analysing the natural age, size, and 
regeneration pattern in order to elucidate the climate-related 
mechanisms influencing the structure and dynamics of this 
forest type. Hardly any hypotheses have been set up for 
explaining the occurrence of pine regeneration in undisturbed 
late postfire spruce-dominated stands. In the boreal forest of 
northern Europe fire has always been looked upon as essential 
for pine regeneration in spruce-dominated stands (Hógbom 
1934; Sirén 1955; Zackrisson 1977). Alternative explanations 
are dealt with in this study. 


The investigated area 


Location 
The forest under study lies in the north of Sweden at the boundary 
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between Pite and Lule Lappmark (66? 13' N, 18?59' E). It is situated 
at an elevation of approximately 500 m above sea level and about 
100 m below the coniferous timberline, in the catchment area of the 
Piteálven River. 


Geology, geomorphology, and soil 

The studied area falls within the Caledonian premountain region, 
which is characterized by widely spread and isolated mountains 
(Rudberg 1970). The bedrock consists of different granites (Hjel- 
mqvist 1953). These are covered by a sandy moraine (Lundqvist 
1965) forming irregular ‘‘islands’’ of dead ice moraine surrounded by 
extensive peatlands consisting mostly of open mires. The soil is of the 
iron-podsol-type (classified according to Troedsson and Nykvist 
1980) and is of relatively low fertility (according to Eklund 1953). 


Climate 

„The climate of this area has a local—continental character 
(Angstróm 1974). The nearest meteorological station is located at 
Jokkmokk (66?36' N, 19°51’ E; altitude 255 m; 50 km north of 
investigated area), which has a mean temperature of —14.4°C in 
January and +14.5°C in July (Andersson 1970; Sveriges Meteorolo- 
giska och Hydrologiska Institut, 1984). Yearly precipitation averages 
458 mm (Andersson 1970), of which 40—50% falls in the form of 
snow (Eriksson 1983). According to Martonne’s humidity index 
(Angstrom 1974) the area is rather dry during the growth period. The 
monthly potential evapotranspiration is greater than the monthly 
precipitation for the period May to August (Andersson 1970; Eriksson 
1981). The mean duration of the snow cover is 196 days (Ager 1964). 
The growth period at 66° N, 500 m above sea level, lasts about 134 
days (Angstróm 1974). The number of degree-days during the growth 
period is between 700 and 800 (Odin et al. 1983). 
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Fic. 1. Mean air temperature data for several months during succes- 
sive 10-year periods. (1861—1983) from Jokkmokk meteorological 
station (66°36’ N, 19°51’ E) (after Andersson 1970; Sveriges 
Meteorologiska och Hydrologiska Institut, 1984). ---, average over 
period less than 10 years. 


Climatic fluctuations 

The climate of the last 1000 years was characterized by alternating 
periods of cooling and warming that extended over the northern hemi- 
sphere. The greatest amplitude of change has occurred in the northern 
latitudes (Angstróm 1974; Dansgaard 1984; Flohn 1967; Heino 1978; 
Jones and Wigley 1980a, 19805; Karlen 1973; Lamb 1966, 1974a, 
1974b, 1984). 

During the Little Ice Age (1550—1850) (Lamb 1984) the mean 
annual temperature was lowered by approximately 1?C compared 
with the previous climatic situation during this millennium (Mórner 
1984). From 1840 to 1940, a warming of 0.5?C occurred, culmi- 
nating in the 1940s with a mean annual temperature maximum not 
equalled in the last 400 years (Dansgaard 1984). A subsequent cool- 
ing of 0.2°C occurred into the 1980s (Mórner 1984). The amount of 
precipitation shows a positive correlation with temperature increase 
(Lamb 1974a). 

To study the climatic fluctuations in detail, meteorological data 
from Jokkmokk (66?36' N, 19?51' E; altitude 225 m; 50 km north of 
the investigated area) were used. This data set, which extends back to 
1861, shows a warming of the mean annual temperature of approxi- 
mately 2°C between 1860 and 1940, with a brief cooling interval 
between 1900 and 1910. After culmination in the 1930s and 1940s, a 
cooling trend of 0.75°C set in, continuing further into the 1900s. The 
individual months follow the same trends, although their amplitudes 
vary (Andersson 1970; S.M.H.I. 1984) (Fig. 1). Fluctuations in 
mean yearly temperature of 1 —2?C may not seem significant, but 
they can change the length of the growing season by ca. 2 weeks in 
the middle latitudes and may have a considerable effect on the exten- 
sion of the zone of permanent snow cover (Bourke 1984). Among 
others, these are important factors influencing tree seed production, 
seed quality, and germination. 


Vegetation 

The investigated area lies within the Northern Boreal zone (Ahti 
et al. 1968). The tree layer is characterized by uneven-aged and 
multilayered stands of Scots pine (Pinus sylvestris L.), Norway 
spruce (Picea abies (L.) Karst.), and birch (Betula pubescens Ehrh.) 
(Fig. 2). 

The vegetation of the investigated area falls within the dry lichen— 
shrub type, and the fresh Vaccinium type (classified according to 
Ebeling 1978). 


Potential disturbance factors 

Before forest fire control began in the area at the end of the 
19th century, fire was the main factor causing stand perturbation and 
subsequent forest regeneration. The mean fire return interval for the 
boreal forest of northern Sweden is close to 100 years (Zackrisson 
1977). The studied area, however, is surrounded by wetlands and has 
functioned as a fire-free refuge for at least 500 years. In some of the 
surrounding pine stands the most recent forest fire has been dated to 
1855. This seems to have been the last major fire perturbation in this 
part of the valley. 

Windthrow and snowbreak (Pruitt 1970) are dynamic factors in 
boreal coniferous stands. However, in this flat, wind-sheltered area, 
windthrow seems to have been a minor disturbance factor. Snow- 
break, on the other hand, could have been a more important factor in 
these stands, causing damage in the tree layer. 

In this part of Lapland, the Laps have lived a nomadic life of 
fishing, hunting, and reindeer herding (Hultblad 1968). Gradually the 
Laps partly switched from reindeer nomadism to agrarian settlement 
in the 19th century (Hultblad 1968). Within 30 km from the investi- 
gated area, the first Lappish agrarian settlement (Iggejaur) arose 
during 1838 —1850, whereas in 1851 — 1867 the first Swedish settle- 
ment (Aberget) was established. The agricultural settlements were 
based on cattle farming (Bylund 1956); their agricultural activity did 
not influence the forest of the investigated area. 

After studying old historical records and searching for traces in the 
field for old traditional human impact, it is obvious that this area has 
virgin status. Totally undisturbed stands with old pine are extremely 
rare, even in the north of Sweden (Sjórs and Zackrisson 1984). 


Methods 


A 0.60-ha plot (40 x 150 m) was studied. The plot was subdivided 
into 60 squares (10 x 10 m) for easier field orientation. For describ- 
ing the ground vegetation 46 squares (2 X 2 m) were systematically 
layed out. Within these squares the degree of cover for different 
species was estimated according to Hult, Sernander, and du Rietz (du 
Rietz 1921). 

From all the living trees with height 1.30 m and diameter 
(diameter at breast height) 22.00 cm, the diameter, height, and 
crown projection were noted. This includes basal sprouts from poly- 
cormic birches. In the investigated forest only one spruce stem was 
found to originate from vegetative reproduction by layering of the 
lowest branches. Diameters were measured with a caliper from two 
rectangular positions and averaged. Tree height was measured with a 
SUUNTO tree-height meter. No slope corrections were necessary. 

The living stems with height <1.30 m or diameter 2.00 cm were 
sampled on 70% of the total plot area. Their locations were mapped. 
An area of 40 x 60 m was sampled completely, whereas 50% of the 
rest of the plot (40 x 90 m) was sampled by using every second 
10 x 10 m square. Time limitations prevented the full sampling of the 
total area. 

Tree ages were determined for all sampled stems. Small plants were 
cut off with a pair of pruning shears or a handsaw at root-neck level. 
From the bigger trees a cross section or a wedge was taken at the same 
level with the aid of a chainsaw. The pith ray was always included. 

The wood pieces were returned to the laboratory and roughly 
prepared with a scouring machine; a surgical knife was then used for 
the final preparation. To enhance the visibility of the annual rings, the 
wood pieces were wetted or coated with paraffin or zinc paste. The 
samples were counted under a stereomicroscope (6.4— 16—40 X), 
using an optical fibre illumination. When dating old and senile trees, 
partially missing annual rings can be a problem (Zackrisson 1980). 
However, by using cross sections instead of only a bore core and 
counting the rings in the best developed portions of the wood, the 
problem is minimized. 


Results 


Age structure 
The age distributions of spruce, pine, and birch show 
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Fic. 2. Side view of a 10 m wide and 150 m long strip through the middle of the studied plot. The map of crown projections is related to height 


classes. 


obvious peaks and dips in the outcome of successful regenera- 
tion (Fig. 3). As a test to evaluate the significance of the age 
structures found, the sample was subdivided into two sub- 
samples by dividing the 0.60-ha plot in half and plotting the 
two age structures. This results in the same pattern as the ones 
for the whole sample, which indicates that the plot size is suffi- 
cient to regard the age structures as representative for this 
stand. 

Spruces with ages from 5 to more than 350 years were 
found. The age-class distribution shows rather distinct peaks. 
One is in the first half of the 1800s and one is in the first half of 
the 20th century, culminating in the 1940s. Minima occur at 
the end of the last century and from the 1950s to the 1980s. 

Pine is present in ages from 2 to more than 350 years. 
Successful regeneration shows peaks in the 1870s and the 
1950s with a sudden increase starting in the 1930 — 1940s. Less 
successful regeneration occurred around the turn of the century 
and during the last two decades. 

Birch shows ages from 6 to more than 216 years. Excluded 
from the histogram are the basal sprouts with height «1.3 m 
or diameter <2.00 cm. In the 1920s a very sudden rise in 
successful generative reproduction of birch occurred, followed 
also by a sudden decrease in the 1970s. It is noteworthy that 
the decrease in reproduction from seed of the last two decades 
seems to be a general phenomenon for all three tree species. 


Vegetation structure 

In this stand, pine (height 1.3 cm and diameter 
22.00 cm) is not the dominating tree species in number, 
although it forms 6076 of the basal area compared with 31 and 
9% for spruce and birch, respectively. This in contrast to the 
stems with height x 1.30 m or diameter x 2.00 cm (Table 1), 
where pine is most abundant. Stand volume is ca. 57 m? 
excluding the category of small-sized trees (measured accord- 
ing to Náslund 1940). 


TABLE 1. Size-class composition of tree species in sampled stand 


Trees with height 
x 1.3 cm or diameter 


Trees with height 
2 1.3 cm and diameter 


x2.00 cm 22.00 cm 
Species No./ha % No./ha % 
Pine 692 37 217 24 
Spruce 240 20 350 30 
Birch 280 23 347 38 
Total 1212 100 913 100 


The spatial distribution of the small pine, spruce, and birch 
stems (height < 1.30 cm or diameter <2.0 cm) was compared 
with the crown projections of the trees within the plot. The 
small pines prefer locations where there is a gap in the crown 
layer. An estimate of the division of the small stems over 
closed and open canopy is 1:2.70 for pine and 1:3.90 for birch. 
Spruce, however, shows only a slight preference with its 
proportion of 1:1.30. The openings are to a greater extent 
dominated by Cladina macrolichens than the ground vegeta- 
tion under tree cover. Here ericaceous shrubs like Vaccinium 
vitis-idaea, Vaccinium myrtillus, and Empetrum herma- 
phroditum are more frequently found. The humus layer is in 
general very thin and does not exceed 10 cm in depth. 


Size structure 

The height frequency per tree species shows a sudden 
decline at about the height of 5— 10 dm (Fig. 4). The graphs of 
pine and spruce extend far towards increased heights, but birch 
reaches only relatively low heights. 

The diameter histogram does not include the trees with a 
diameter <2.00 cm (Fig. 5). Birch shows an extremely high 
frequency in the low diameter classes. This is to a smaller 
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Fic. 3. Age structure for 10-year periods: (a) spruce, (b) pine, (c) birch (exclusive of basal sprouts with height <1.3 m or 
diameter <2.00 cm). 


degree pronounced for spruce but not at all for pine. Pine and reached in the intermediate age-classes. Spruce shows a greater 

spruce show a much greater spread over the diameter classes variation of height with age than pine. Birch does not reach the 

than birch. height of pine or spruce but it also shows a considerable vari- 
The relationship between height and age is found to be very ation in height with age. 

weak for this forest stand (Fig. 6). The greatest heights are Pine reaches the greatest diameter of the three tree species 
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Fic. 6. Height—age scattergram of different tree species: 


(a) spruce; (b) birch; (c) pine: 
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and at a relatively young age (Fig. 7). The diameter spread at 
increased age is most pronounced for spruce but is also notable 
for pine and birch. 


Discussion 


The periodicity in successful regeneration as found for the 
three tree species in this study shows some similarities to 
results from studies implemented in the United States and at 
the Canadian and Scandinavian tree lines (Engelmark and 
Zackrisson 1985; Holtmeier 1971; Hustich 1958; Isaak et al. 
1959; Kullman 1979, 1983; Mikola 1978; Morin and Payette 
1984; Payette et al. 1985; Sonesson and Hoogesteger 1983). 
The trends of this century especially show many similarities. 
The large-scale occurrence of the same pattern indicates that 
the cause might originate at the climatic level. 

The sudden increase in the outcome of successful spruce 
regeneration in the beginning of the 1800s has been found also 
by Linder (1984) and Kullman (1986) in genuine spruce- 
dominated stands in northern Sweden. The increase corre- 
sponds with a period of severe climatic deterioration and low 
winter temperatures (Dansgaard 1984; Flohn 1967). This 
century's peak has the same extension as the one in the 18th 
century, but mortality factors will probably still lower it. The 
mortality risks are still high for those spruce plants that have 
not yet reached above the snow crust, because of the high 
infection risk by spruce snowblight (Lophophacidium hyper- 
boreum). 

A possible favourable relationship between the severe snow- 
rich winter climate and spruce occurrence is mentioned by 
several authors (Kullman 1983; Mayer 1969; Schmidt-Vogt 
1977; Tallantire 1973, 1977; Ve 1930). All of these authors 
pointed out that seed germination and seedling survival will 
fail in a climate with relatively warm winters because the seeds 
may be killed by alternating periods of freezing and thawing, 
and the seedlings may be damaged by frost and drought in 
snow-free periods. However, the necessity of warm and dry 
summers for full development of the seeds has also been 
observed (Skre 1972). With the limited knowledge we have 
today concerning natural spruce regeneration, it is not easy to 
explain which climatical factors are the most critical for the 
outcome of successful spruce regeneration. Many other 
factors, such as damage by fungi, insects, and mammals, 
the occurrence of snowbreak, and the susceptibility of the 
germination site for spruce seed, might also be important 
(Heikinheimo 1921). 

The periodicity in successful pine regeneration seems to fit 
well with the climatic fluctuations known from records over 
the last 120 years, with relatively warm periods being 
favourable. This was also discovered by Zackrisson (1985) 
from another forest site within Pite Lappmark. Furthermore, 
the outcome of successful birch reproduction from seed corre- 
sponds with the climate amelioration during this century. 

Both seed crop and germination success of pine are known to 
be related to relatively high summer tetraterms (see Chung 
1981; Mikola 1971, 1978). In the Northern Hemisphere the 
floral initials are formed during August. Almost no viable 
seeds are obtained unless the mean summer temperature 
exceeds 10.5°C. For a seed crop of good quality a mean 
summer tetraterm of at least 11.5°C is needed. For 50% 
germination the summer tetraterm must be equal to or exceed 
10.6°C (Hagem 1917; Mikola 1971). These data seem to 
correspond well with the drop in the outcome of successful 
pine regeneration at the turn of the century. However, despite 
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the fact that the climatic amelioration culminated in the 1930s 
and 1940s, pine shows a peak of successful regeneration in the 
1950s. This might point towards a lag effect in mortality, since 
the rate of mortality is still high during the first three decades 
of pine growth (Hagner 1984). During that period of early 
establishment the age structure of pine can to a large extent be 
influenced by lethal fungi and insect attacks. During the 1980s 
seed production and quality have been very low at high eleva- 
tions. Tests have indicated extremely poor quality in both pine 
and spruce seeds from this region (Zackrisson 1985). This is 
probably the main reason for lack of regeneration over the last 
10 years. 

From literature cited by Kullman (1979), it is known that the 
seed quality and quantity of mountain birch is influenced by 
summer temperature. This, however, is not considered as a 
strictly limiting factor for birch regeneration from seed since 
birch produces a lot of seed and has an excellent distribution 
potential. According to Kullman (1979) this century’s birch 
seed germination at the tree limit has been favoured mainly by 
an increase in soil temperature because of earlier snow melt- 
ing, while seedling establishment has been favoured both by 
the warming up and drying out of the soil. Seedling survival 
might have been easier since the consequence of an earlier 
snowmelt decreased the chance of mechanical snow damage. 

Population dynamics is also expressed in certain aspects of 
the size structure. The sudden fall in height frequency at 
5—10 dm might be related to snow depth (cf. Ágren et al. 
1983). Measurements within the study area completed in 
January 1984 show a snow depth varying between 50 and 
95 cm. Trees reaching just above the snow layer are exposed 
to both mechanical and physical cold damage (Eiche 1966). 
Trees loose their elasticity with increasing size and are thus 
more susceptible to snowbreak. Pine and spruce with a height 
of «1.3 cm can also be severely attacked by Phacidium 
infestans and Lophophacidium hyperboreum, two of the most 
severe pathogens in this part of the boreal zone, actually grow- 
ing with their mycelium in the snow (Bergman and Odin 
1984). 

The fact that older ages seem to correspond with relatively 
low height could implicate snowbreak. Pine is especially sensi- 
tive to snow pressure because of its wide crowns. Pine and 
birch do not easily renew their broken tops, but spruce trees 
with many tops are a common phenomenon. 

Difference in diameter for trees of the same age are also 
greatly influenced by the different habitat conditions for the 
trees and internal stand dynamics caused by mortality. 

The difference in spread over the heights at old ages between 
pine and spruce may be due to the fact that spruce is a shade- 
tolerant species and can survive under a canopy without much 
growth development for a long period. It is surprising to find 
so many spruce trees with a height less than 2.5 m reaching 
ages in the interval between 100 to 220 years. A high mortality 
rate is found when pine is growing under a canopy. Hardly any 
pines survive more than about 50 years as suppressed, stunted 
individuals. Stunted pines of that age cannot act as an Oskar 
(for an explanation of the terminology see Silvertown 1982). In 
contrast, spruce lingering in a stunted condition can react 
when an opening appears, grow rapidly to fill it, flower, and 
reproduce. 

Small-scale gap-phase replacement of trees (cf. Shugart 
1984) by climatically induced regeneration and mortality 
events is probably a reason for the generally weak correlation 
between age and size (both diameter and height) for pine, 


spruce, and birch. If a more catastrophic large-scale event, like 
storm felling, had opened up the stand repeatedly, a more posi- 
tive correlation between age and size should have been found. 

The dynamics of this undisturbed northern Swedish conif- 
erous forest stand seems to be regulated by climatic pulses 
which produce a damped wave-form age structure. This is in 
contrast to the J-shaped curves caused by natural mortality in 
continuously seed regenerated spruce forests (Mitscherlich 
1970) and oak stands (Whittaker 1975) or vegetatively regen- 
erated black spruce stands close to the timber line (Légére and 
Payette 1981). In addition, the curves found for fire-pruned 
forest ecosystems are different since they show extremely 
sudden changes in population size and age structure connected 
with fire (Carleton 1982; Franklin and Hemstrom 1981; 
Heinselman 1973; Yarranton and Yarranton 1975; Zackrisson 
1980). 

From the data presented in this study it is obvious that the 
regeneration during this century has been dominated by pine. 
This is in contrast to the regeneration during previous centuries 
where spruce dominated. This may indicate a reversed succes- 
sional trend. It has often been postulated that spruce, during a 
postfire succession on moraine soils in this part of the boreal 
forest zone, gradually takes over after an initial colonization by 
pine and in a late succession totally dominates the stand 
(Hógbom 1934; Holmertz and Ortenblad 1886; Sirén 1955; 
Zackrisson 1977). We have concluded that in this case a 
succession towards a total spruce dominance is uncertain, 
because pine seedlings can still regenerate successfully under 
climatically favourable conditions and still maintain a vital 
population in this extremely late postfire succession. This is a 
type of succession previously overlooked but probably widely 
found in climatically hazardous areas where a continuous 
supply of seed is not available. Periods with good seed years 
followed by years with good seed germination and good sur- 
vival of young seedlings are very rare and have obviously only 
occurred once or twice in a 100-year period in this region (see 
also Zackrisson 1985). The natural mortality among older 
trees, giving rise to small gaps in the stand not followed by an 
immediate colonization of new trees, produces a sparse patch 
stand with a slow accumulation of humus. It is widely 
accepted that humus accumulation during a postfire succession 
(MacLean and Wein 1978) is a great hindrance for pine estab- 
lishment (Hesselman 1937; Sirén 1955). That assumption is 
probably true for more fertile boreal forest areas with denser 
stands. However, in this type of low production stand, the 
breakdown of humus in the long-term persistent gaps is 
probably a more rapid process than the accumulation, espe- 
cially in gaps colonized by lichens. Lichen dominance gives 
rise to very thin humus beds in the openings of the stand. 
When a climatically favourable period for seed regeneration 
occurs, the thin humus layer is not a hindrance for pine 
regeneration in the gaps, and pine, as well as birch, can tempo- 
rarily reestablish a new generation of trees. For spruce 
seedlings, highly susceptible to desiccation, the thin humus 
layer is probably a severe hindrance for seed regeneration 
during periods with dry summers. Because of the thin humus 
layer, spruce obviously also has difficulties in vegetative layer- 
ing. This does not give spruce any advantages in regeneration 
over pine under prevailing successional conditions. 

Seen against the background of the long-term climatic trends 
we have faced over the last thousands of years (Prentice 1983), 
with slowly deteriorating climates (the telocratic stage, sensu 
Iversen 1958) and increased soil meiotrophication, it seems 
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plausible that this type of stand will not easily change to a total 
spruce dominance over the next few tree generations. A mixed 
stand can under these conditions be a rather stable succession, 
and pine can remain as a codominant ‘‘climax’’ conifer. 

The multilayered, uneven-aged, mixed stand described here 
looks very similar to frequently fire perturbated stands on 
moraine soils. However, the age structure and regeneration 
pattern are different. Because of the physiognomic similarities 
found in these two stands of different genesis, fire has 
probably been overestimated as an essential factor for pine 
establishment and for long-term persistence against spruce 
dominance in late succession. 
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